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I Introduction 
   If the nature of a climate is represented by the mean values of climatic 
elements, a boundary line between two climatic regions should be drawn along the 
isopleth of a mean value concerning an element or several elements. In this 
case, if the value is divided only for convenience' sake by some round number in 
decimal system, i.e. 10°C or 20°C in air temperature or 100 mm or 200 mm in the 
precipitation, the boundary lines drawn by the value may not always have a 
positive meaning as a divide between the regions with respect to their climatic 
characteristics themselves. On the other hand, the critical values are often 
selected in relation to the distribution of vegetation. In this case, however, it only 
means that the numerical values with plant-physiological meaning are projected 
over the region. 
   In order that a boundary line may have a true climatological meaning, it must 
divide the region into qualitatively different climatic subregions. Studies from 
such a viewpoint have been developed in the field of dynamic climatology or air-
mass climatology. The methods used in such studies are inevitably restricted to the 
analysis of the macro-scale climate. Owing to the restriction, static methods 
are still adopted and boundaries of climatic provinces with little meanings are often 
seen even in recent studies in the fields of  meso-, or  local-climatology. 
   A climate, needless to say, should be a series of average weather conditions for 
each season of the year, therefore, the classification of climate must be based on the 
analysis of climatic phenomena of all seasons. In other words, an areal extent, 
with weather of common characteristics throughout the seasons, must be 
recognized as a climatic province. This means that a climatic region must be 
defined based on the boundaries of weather regions in any season. Accordingly, 
if the boundary of weather regions is a real phenomenon, the divide in an arbitrary 
season will be an element to be accumulated to difine a climatic divide, though 
different climatic provinces do not always differ in weather characteristics in any 
other season. 
   In this paper, the author will explain an example of a meso-scale divide, 
concerning weather characteristics in the early summer. In other words, the 
characteristics change discontinuously at the divide. Although the divide has
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been drawn regarding to the weather characteristics in one season, it has an 
ultimate meaning as a climatic divide, as was mentioned above. Thus, the 
example will reveal that a boundary in a meso-scale climatic region exists as a 
real phenomenon. The author believes that meso-, or local-scale climate should be 
clarified, in the future, based on such phenomena. 
II The region and the season 
   The region, studied in this paper, is the Sanbongi Plain. It is located in the 
northeastern part of the  TOhoku District. In the region, seasons are characterized 
by the following climatic phenomena, as in many other regions of northern  Japan:
Fig. 1. Index map.
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In winter the north-west monsoon from Siberia blows over the region.  In mid-
summer fine weather prevails due to the influence of the Ogasawara Anticyclone. 
In the spring and the autumn, migrating anticyclones frequently pass. And 
unsettled weather prevails in the early summer and the late autumn. 
   The season discussed here is the early summer, especially the "Baiu" season. 
During the Baiu season the Okhotsk High Pressure area develops to the north, 
the cold and wet easterly winds, the so-called "Yamase", flow over the  TOhoku 
District. This cold weather frequently causes damage to crops in the years when 
the "Yamase" develops conspicuously. Therefore, people in this region call it the 
"hunger wind" or the "crop failure wind" . 
III Meaning of local wind systems 
   According to the statistical  analyses1)2) of air temperature in its relation to 
the wind directions, it is confirmed that the easterly wind is comparatively cool in 
the summer in this region. The following3) are summarized from the distribution 
of daily air temperature and wind direction in July from 1945 to 1947: 1) Low 
temperature is related to the easterly wind, 2) The westerly or the southerly bring 
higher temperature, and, 3) when it is easterly at one place and westerly or 
southerly at another place, there are observed notable differences in temperature 
between stations, that is, when the wind directions at any two places are opposite, 
the difference of the air temperature is large. 
   This thermal relation is true when the weather is homogeneous, regardless of 
the kinds of the weather.4) 
   These relation will suggest that the wind systems represent themselves as small-
scale air-masses. July extends over two seasons, early summer (Baiu season) and 
mid-summer. In this paper the analysis is focussed on the Baiu season. 
IV Wind direction type and discontinuities in the air temperature distribu-
tion 
   The author noted 69 examples in which the "Yamase" wind prevailed over 
the  TOhoku District for a whole day as observed at the Hachinohe Observatory. 
The wind direction is classified into 4 types as is shown in Fig. 2. The figure shows 
 1)  Fujita, K.  (1943)  : On the "Yamase" cool wind, Ann. Meteoro. Asso.  TOhoku District, 
          Vol. 3, No. 1. 
 2) Kadowaki, T.  (1951)  : Survey on the "Yamase" cool wind of Hachinohe district, Ann. 
 TOhoku Geogr. Asso., Vol. 3, pp. 13-15. 
 3) Shitara, H.  (1952)  ; On the temperature distribution of a coastal plain, Sci. Rep. 
 TOhoku Univ., 7th Ser. (Geography) No. 1, pp.  43-55. 
 4)  Shitara, H.  (1957)  ; On the discontinuous distribution of the air temperature during the 
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                          Fig. 2. Wind direction types. 
is the southerly from the Kitakami Valley. Type I and II appear most frequently, 
and their frequency is over  2/3. Type I prevailes almost exclusively on rainy or 
cloudy days, and Type IV on fine days. This means that the greater the
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unsettled nature of the weather, the more widely the 
easterly wind system tends to spread inland. 
   In order to correlate the air temperature distribu-
tion with the wind direction type, the influence of 
regional differences of weather conditions must be 
excluded. The author, therefore, selected the examples 
with homogeneous weather conditions throughout the 
region. From the examples the mean air temperature 
distributions at  10h were obtained according to the 
types of wind direction (Fig. 3). The values of tem-
perature in such examples are approximate for the 
same wind system, while the discontinuity of tempera-
ture distribution appears as "a fault" in topography 
where the two wind systems meet. Such a feature of 
the distribution is understood better, compared with 
the distribution when the westerly wind alone prevails 
throughout the region (Fig. 4). 
V Vertical profiles of air temperature near  the 
boundary of wind systems 
   The discontinuous boundary in temperature dis-
tribution separates, at the same time, the above-
mentioned winds. This indicates that the two wind 
systems divided by the line differ from each other in 
thermal property. This relation will be regarded as 
that of air-masses in a small-scale. If this is true, 
comparatively warm air must be observed over the 
cold air near the boundary line. Fig. 5 shows such an 
example. Easterly or northeasterly winds blew over 
Hachinohe for a whole day (see Fig.  6), and over the 
Sanbongi Plain at  10h5). San-nohe, located in the 
southern part of the plain, on the other hand, ex-
perienced the southerly wind. Noticeable differences 
in the temperature were recognized between the two 
wind systems. That is to say that the two air cur 
Accordingly, there must be warm air over the Sanbong 
 5) Observations were made on the  climatologicalstations on 
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of temperature observed at Misawa (at  09h) will clarify the 
to examples (Fig. 7) when the westerly wind dominated the 
the cases such as shown in Fig. 5 are overwhelmingly more 
as in Fig. 7. 
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abundant than such
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Fig. 6. Diurnal variation of the wind and the air temperature at Hachinohe.
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        Fig. 7. The air temperature distribution in Sanbongi Plain and vertical 
           profile of the air temperature at Misawa when the westerly or south-
           westerly wind was blowing. 
VI Type of wind system and diurnal variation of air temperature 
   The results, given in the last section, were obtained based on the data of 
climatological observations at  10h and of aerological observations at  09h. Therefore, 
it must be examined if such a phenomenon continued for a whole day or only for a 
short interval at that time. For this purpose, the author adopted two methods. 
One was to examine the relation between the types of the wind system blowing over 
a place and the diurnal variations of the air temperature at the same place. The 
other was to compare the diurnal variation curves of the air temperature with the
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respective wind system over the places. 
   From the former analyses, a notable tendency was ascertained as  follows: In 
Hachinohe, the air temperature rose quickly under the influence of the westerly 
or the Southwesterly wind system (Fig. 8), but it rose slowly under the influence
 ('C)
Fig. 8. Diurnal variation of the air temperature on the days the
southwesterly wind was prevailing. 
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of the northeasterly or the easterly wind systems (Fig. 9), even when the weather 
was fine. These results indicated that the types of diurnal variation of air tem-
perature are different according to the nature of the wind on different days. 
   To recognize this fact as a regional phenomenon, the autor made field-observa-










      Fig.  10. Comparison of the air temperature between two points belonging to 
          different wind systems each other. 
easterly wind was blowing over Hachinohe, while a southerly wind was blowing over 
Fukuoka. Both places were cloudy. The temperature at Hachinohe under the 
easterly wind system scarcely rose, but at Fukuoka under the southerly wind system 
it was raised radically. From such exmaples, the two wind systems differ also in 
thermal feature.
VII Distribution of the maximum air temperature and the wind system 
   As the diurnal variation of the air temperature differs according to the wind 
system, a marked difference between two regions under different wind systems 






Fig.  i  1. A striking case showing the dis-
   continuity of the air temperature dis-
   tribution observed at 09h and that of 
   the maximum air temperature distribu-
   tion.
mum air temperatures. A typical ex-
ample of this case is shown in Fig. 11. 
The discontinuous line of air temperature 
at  09h coincides with the discontinuous 
line of wind direction at  09h. Moreover, 
the distribution of maximum air tem-
perature is similar to that of 0911 tem-
perature in its pattern. The absolute 
values of the air temperature are quite 
different for each of the two groups of 
distribution, which means that some hours 
have passed between them. In other 
words, it is  probable that the same
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        Fig. 12. Diurnal variation of the air temperature and wind at Hachinohe. 
pattern of temperature distribution continued for some hours. 
   On that day the northeasterly wind system did not spread over the whole 
Sanbongi Plain, though this wind was prevailing throughout the day in the coastal 
region (Fig. 12). From this fact the "Pushing force" of the wind system from the 
Kitakami Valley toward the plain seemed to have existed in this area. 
   The pattern of the maximum air temperature distribution is not always the 
same as that at  09h (or at  lob). There are some examples in which the discontin-
uous line of temperature is dislocated (Fig. 13). On the other hand, no regional 
difference can be observed with respect to the maximum air temperature when  only 
the southerly-, or southwesterly wind system prevails (Fig. 14). Therefore, even 
when the discontinuous line of air temperature appears, it will be dissolved after 
the development of the  southerly-, or southwesterly wind system (Fig. 15). 
 9h  I  / I Max.  I I  I  I  Max.
 7:.°f  fin  34.  • 
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 Fig. 13. An example showing the discon- Fig. 14. Distribution of the mean maxi-
     tinuity in the air temperature distri- mum air temperature when the 
     butions appeared at different locations southerly or southwesterly wind 
   in a day. prevailed (mean of 6 examples). 
   As the maximum air temperature indicates the maximum limit of temperature 
within a day, the time when the values appear cannot always be the same spatially. 
Such a distribution, therefore, is not always real. This means that the high tem-
perature region bordered by the discontinuous line is the part where the warm wind 
blew even for a short time, while, in the low  temperature region only the cold wind
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Fig. 15. The air temperature  distribu-
   tion at  09h:when the easterly wind 
   was observed for a while at  Hachi-  on  maximum  air  temperature  with  the 
   nohe and of the maximum air  tem-
  perature  boundary  line  of  the  wind  system  at  10h  distribution on the same  the  author  found  t at  they  resembl
ed  day . 
with other in location (Fig. 16). Therefore  only with respectto such cases, the distributions of the maximum air te perature 
resemble one another when winds (at 101i) are similar in type. This means that the 
distribution of mean maximum air  to  will  be  characteristic  for  each  type 
of the distribution of the  wind. 
VIII Wind system in the Kitakami Valley 
   In the Baiu season, two wind systems are prevalent in the Sanbongi Plain, 
which differ each other in thermal features as mentioned above. The cold system 
blows from the sea. On the other hand, the distribution of daily wind direction 
indicates that the warm wind over the Sanbongi Plain may be the extremity of the 
southerly wind system developing usually in the Kitakami Valley, though problems 
of "source" remain unsolved. Fig.  17-1 shows the mean profile of the maximum 
air temperature in 4 examples in which the southerly wind was blowing both over 
the Kitakami Valley and the Sanbongi Plain at  10", becoming warmer in the 
leeward. Fig.  17—II shows 23 examples in which southerly winds blew over the 
Kitakami Valley while there existed an easterly wind over the Sanbongi Plain. A 
marked difference of air temperature can be observed between those two wind 
systems. In the case of Fig.  17-111 the boundary of the wind system appears in 
the valley.
  blew. The discontinuous line, therefore, is 
  important as a boundary line on a side of 
  which only the cold wind prevails through-
  out the day. In other words, from the 
  opposite side, it means the limit line 
  which the warm wind system could reach. 
  Hence, the location of the discontinuous 
  line bears a climatic meaning of impor-
  tance. 
     As the temperature distribution is af-
 fected by the weather condition, the line 
 can be identified through the distribution of 
  maximum temperature only in the case of 
  spatially homogeneous weather. Such cases 
  are few. Comparing the limit line  based 
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       Fig. 16. Relation between the wind systems at 10h and the distribution of 
           maximum air temperature. 
   Thus, a clear discontinuity is found in the profile of mean maximum air tem-
perature according to wind system type at  10h, at the location of the discontinuous 
line of wind system at  10h. 
IX Statistic boundary between regions covered by different wind systems 
   The regional limit of the wind system can be drawn infering from the discon-
tinuity in the distribution of the maximum air temperature. It is, however, not 
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      Fig. 17. Profiles of the maximum air temperature along the Kitakami Valley, 
         according to the types of wind systems at  0911. 
addition, simultaneous climatic observations were made at  10h  (09h at present) in 
this country. Consequently wind direction data are not available except for  10h, 
therefore the boundary between the two wind systems is drawn only for that hour 
limited by the data. The daily data are available only for the determination of 
boundaries at  10h in logically, but the boundary is useful for the analysis of the 
climatological boundary, because a boundary between the two wind systems does not 
shift too much within the day when the "Yamase" wind develops. Thus, the 
frequency of the cold wind was obtained, based on the data at  10h concerning 69 
examples, in which the "Yamase" wind prevailed for a whole day at Hachinohe 
in the Baiu season. 
   Fig. 18 was obtained in reference to the weather at  Hachinohe: Fig. 18—A 
is the distribution of the frequency concerning 21 examples in which rainy or foggy 
weather prevailed. Fig. 18—B is for 16 examples when the weather was cloudy, 
and Fig. 18—C is for 6 examples when the weather was fine. They show that the
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         Fig. 18. Distribution of the appearance frequency 
                 northeasterly  wind  ; 
                       in rainy days at Hachinohe (A) 
                 in cloudy days (B)
               in fine days (C)
worse the weather was, the more widely the 
cold wind prevailed. The distribution of the 
frequency in all of the 69 examples is in-
dicated in Fig. 19, in which a discontinuous 
belt like "a fault" in topography is found in 
the neighborhood of San-nohe. It should he
regarded as a statistical boundary which divi-
des this region into two parts, in each of which 
different air, cold and warm, prevails 
respectively. Thus it indicates that there is 
a climatic divide, and on both sides of the 
boundary weather characteristics in the 
season differ markedly. 
X Conclusion
   The purpose of this paper was to show an example 
as a real weather phenomenon. For the purpose, ti 
northeastern part of the  TOhoku District were  analy 
example. From the characteristics of wind  sr 
concluded. 
   1) The local wind system defines the thermal  chE 
geographical conditions of the land surface which  ind 
"process"
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Fig. 19. Distribution of frequency in 
   appearance of the easterly or the 
   northeasterly wind in Baiu weather. 
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   2) Therefore, the local wind systems must be grasped not only as a wind 
direction itself but as an air current with the attributes as a  small-scale air-mass. 
   3) In the Baiu season, there is a tendency in which a boundary between two 
wind systems, cold and warm, appears at a fixed location, that is in the 
neighborhood of San-nohe in the region studied here. 
   4) It must be a phenomenon which makes a divide in this region with respect 
to average weather conditions in that season. 
   Although this is a seasonal phenomenon and the regions thus divided are wea-
ther regions for that particular season, yet, it makes a sense to understand them as 
climatic regions. Because a meso-scale climatic region should be divided  based on 
the boundaries of weather regions in each season since a climate is a series of average 
weather conditions for each season of the year and  since a climatic province is an 
 areal extent with common characteristics of weather throughout the seasons, as was 
mentioned in section I. 
   Thus, it is clear that the meso-scale climatic divide between the Sanbongi 
Plain and the Kitakami Valley can be observed in the form of real phenomenon 
that appears in the neighborhood of San-nohe.
